Background-Medicare Part D improved access to cardiovascular medications. Increased cardiovascular drug use and resulting health improvements could be derailed when beneficiaries enter the coverage gap and must pay 100% of drug costs. The coverage gap remains the subject of Congressional debate; evidence regarding its impact on cardiovascular drug use and health outcomes is needed. Methods and Results-We followed 122 255 Medicare beneficiaries with cardiovascular conditions with linked prescription and medical claims who reached the coverage gap spending threshold in 2006 or 2007. Beneficiaries entered the study on reaching the threshold and were followed until an event, the catastrophic coverage spending threshold, or year's end. We matched 3980 beneficiaries who reached the threshold and received no financial assistance (exposed) to 3980 with financial assistance during the gap period (unexposed), using propensity score and high-dimensional propensity score approaches. We compared rates of cardiovascular drug discontinuation, drug switching, and death or hospitalization for acute coronary syndrome (ACS) plus revascularization, congestive heart failure, or atrial fibrillation. In propensity score-matched analyses, exposed beneficiaries were more likely to discontinue (hazard ratio, 1.57; 95% confidence interval, 1.39 to 1.79; risk difference,13.76; 95% confidence interval, 10.99 to 16.54 drugs/100 person-years) but no more or less likely to switch cardiovascular drugs. There were no significant differences in rates of death (propensity score-matched hazard ratio,1.23; 95% confidence interval, 0.89 to 1.71) or other outcomes. Conclusions-Part D beneficiaries with cardiovascular conditions with no financial assistance during the coverage gap were at increased risk for cardiovascular drug discontinuation; however, the impact of this difference on health outcomes is not clear. (Circ Cardiovasc Qual Outcomes. 2012;5:387-395.)
T he expanded use of essential cardiovascular medications has been associated with decreasing rates of cardiovascular-related morbidity and mortality over the past several decades. 1, 2 The 2006 implementation of Medicare Part D further improved access to, and use of, cardiovascular drugs by reducing the out-of-pocket cost burden. [3] [4] [5] [6] Cardiovascular drugs account for the largest proportion of spending (25%) and prescription volume (36%) in the Part D program. 7 Evidence suggests that Part D's investment in improved access to cardiovascular medications may have led to corresponding decreases in beneficiaries' cardiovascular-related morbidity and mortality, potentially offsetting Part D costs or even producing net savings. 6, 8 Initial increased use of cardiovascular medications and any corresponding health improvements associated with Part D drug insurance may be disrupted when a beneficiary with a cardiovascular condition reaches the Part D coverage gap. An estimated 3.8 million beneficiaries reach the coverage gap each year, 9 follow-ing a period of initial coverage ($2250 in total drug spending in 2006; $2400 in 2007) and remain in the coverage gap until out-of-pocket spending reaches a catastrophic coverage spending threshold ($3600 in 2006; $3850 in 2007), when drug cost-sharing is dramatically reduced, or year's end. 10 Recent research has documented increased rates of drug discontinuation 4, [11] [12] [13] [14] among beneficiaries who enter the coverage gap and are responsible for 100% of their drug costs; however, no study has specifically addressed the coverage gap experience of beneficiaries with cardiovascular conditions, many of whom take numerous drugs and manage multiple comorbidities. 15 The health consequences of drug discontinuation during the gap may be particularly acute for these beneficiaries, and, as such, they may behave differently when faced with changes in cost-sharing.
In this study, we evaluate the coverage gap's impact on drug use and health outcomes among beneficiaries with cardiovascu-lar conditions. We examine the likelihood of cardiovascular drug discontinuation and drug switching, as well as the risk of death and hospitalization for cardiovascular conditions, comparing those who had no financial assistance during the coverage gap (Part D enrollees with no subsidies) with those who did (Part D enrollees with subsidies, retirees). Although the 2010 Affordable Care Act contains provisions that will gradually eliminate the coverage gap over the next decade, 16 there are no short-term solutions to closing the gap, and recent Congressional budget proposals aim to repeal these reforms. 17, 18 Our study provides evidence about the effect of the coverage gap, as initially implemented, on beneficiaries with cardiovascular conditions and serves as a baseline by which any reforms may be judged.
WHAT IS KNOWN
• Entry into the Part D coverage gap is associated with increased rates of drug discontinuation and decreased rates of drug adherence.
WHAT THE STUDY ADDS
• Compared to beneficiaries with financial assistance, Part D beneficiaries with cardiovascular conditions with no financial assistance during the coverage gap were 57% more likely to discontinue a cardiovascular drug. • The impact of this difference in drug discontinuation on health outcomes is not clear.
Methods

Study Design
We Figure 1 ).
Data Sources and Study Population
We studied Medicare beneficiaries age Ն65 on January 1 of the baseline year with prescription drug coverage through either a stand-alone Part D plan or a retiree drug plan in 2006 or 2007 that was administered by CVS Caremark, a pharmacy benefits management company that adjudicates approximately 660 million prescriptions per year. 19 (2007) . To ensure at least some drug information for all beneficiaries, both cohorts were limited to beneficiaries who reached the coverage gap spending threshold Ն60 days after plan enrollment in the study year. We limited both cohorts to beneficiaries with at least 1 inpatient or outpatient cardiovascular diagnosis in the baseline year: hyperlipidemia (International Classification of Diseases, Ninth Edition [ICD-9], 272.0, 272.1), hypertension (401.0 to 401.9), atrial fibrillation (427.31), congestive heart failure (428.0 to 428.9, 429.3), or cardiovascular disease (410.xx to 414.xx, 427.4, 427.5). Finally, we restricted our cohorts to those who did not enter a nursing home or hospice during the baseline year or in the 2-month trigger period before reaching the coverage gap spending threshold; these admissions indicate worsening health and might confound the relationship between exposure to drug costs and the outcomes of interest.
We used an algorithm that considered plan enrollment and beneficiaries' out-of-pocket spending to categorize beneficiaries into 4 benefit groups, described previously. 14 Briefly, Part D beneficiaries who did not receive a subsidy (nonsubsidy enrollees) were responsible for 100% of their drug costs in the coverage gap and were thus identified as exposed. If a beneficiary was in a Part D plan with generic drug coverage during the coverage gap but was responsible for 100% of branded drug costs, he was also classified as exposed. In sensitivity analyses, 19 beneficiaries with generic drug coverage were removed. The remaining 3 groups, Part D full subsidy beneficiaries, Part D partial subsidy beneficiaries and retirees, received financial assistance during the coverage gap and were considered unexposed. In accordance with Part D legislation, fullsubsidy beneficiaries had per-prescription cost-sharing that was Յ$5 in 2006 or Յ$5.35 in 2007, even in the coverage gap. Partial subsidy beneficiaries' cost-sharing was Յ15% for each prescription in the coverage gap. Finally, retirees shared drug costs with their former employers, and none of the retiree plans (none of which were Part D plans) had a coverage gap.
Propensity Score Matching
To balance covariate distributions between the exposed and unexposed, we constructed a propensity score (PS) assessing each beneficiary's likelihood of receiving financial assistance after reaching the coverage gap spending threshold. Model predictors included age, sex, race, region of the United States, rural/urban residence, median household income from census block data, 20 time (in days) from plan enrollment to reaching the gap spending threshold, and total Medicare Parts A and B spending in the baseline year. Diagnostic/health services covariates, assessed in the baseline year and in the 2 months before cohort entry, included diagnosis of dementia, cancer, chronic obstructive pulmonary disease/emphysema, renal failure, end-stage renal disease, depression, HIV/AIDS, diabetes, atrial fibrillation, hypercholesterolemia, hypertension, coronary artery disease, congestive heart failure, stroke, venous thromboembolism, myocardial infarction, and/or ACS with revascularization; Charlson comorbidity score; 14 and number of office-based drug infusions, physician visits, and hospitalizations. Drug-related covariates, assessed in the 2 months before cohort entry, included number of unique drugs used 21 and total (plan ϩ beneficiary out-of-pocket) drug spending. Using a greedy matching algorithm, exposed beneficiaries were PS-matched to unexposed beneficiaries. 22 Exposed patients who could not be matched were removed from analyses. Definitions and codes are in the online-only supplemental Appendix.
As a sensitivity analysis, we employed a high-dimensional propensity score (hdPS) approach to balance measured covariates across groups. Our hdPS model included all covariates as described above and 400 additional empirically identified covariates, selected from our claims data, based on each covariate's prevalence, frequency, and potential to cause bias. 23 Owing to the likelihood of rare outcomes, the hdPS algorithm selected covariates based only on their association with exposure, disregarding the strength of the covariates' outcome association. 24 We employed 1:1 greedy matching as before.
Drug Use Outcomes
We considered 2 mutually exclusive drug use outcomes, discontinuation, and switching, and only 1 outcome was assigned. Any cardiovascular drug with available days' supply at study entry was considered and followed until the first observed outcome. Drug X was discontinued if Ͼ30 days elapsed after study entry when no drug X was available and no further fills of drug X or another drug in the same class were made during the gap period. Therefore, follow-up for this outcome began at day 31 after study entry. In contrast, Drug X was switched if a beneficiary entered the study and switched from the generic to the brand version or vice versa or if the beneficiary stopped filling prescriptions for drug X but filled a new prescription for another drug within the same class within 30 days of exhausting his drug X supply. In sensitivity analyses, we considered discontinuations and switches with 15-and 45-day grace periods. We examined the use of drugs within the following classes: aldosterone antagonists, alpha blockers, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, antiplatelet therapies, beta blockers, bile acid sequestrants, calcium channel blockers, digoxin, ezetimibe, loop diuretics, thiazide diuretics, niacin and other fibrates, potassium-sparing agents, statins, warfarin, and other medications. (Specific drugs are in the online-only supplemental Appendix.) If a beneficiary was taking a combination drug, each drug in the combination was counted as a unique drug in its respective class.
Healthcare Outcomes
Our primary outcome was death from any cause. Additionally, we assessed rates of first hospitalization with a primary or secondary diagnosis code for ACS; congestive heart failure; and atrial fibrillation, as well as rates for 2 composite outcomes: (1) death or hospitalization for myocardial infarction or stroke; and (2) hospitalization for myocardial infarction or stroke. Definitions and codes are in the online-only supplemental Appendix.
Statistical Analysis
Beneficiaries' baseline characteristics were cross-tabulated by benefit group and exposure status. After testing for effect measure modification by cohort year using a Wald test and finding none, we conducted pooled cohort analyses for all outcomes. Drug use analyses were at the individual drug level. For both PS-matched and hdPS-matched cohorts, we used Cox proportional hazards models 25 to estimate the hazard of cardiovascular drug discontinuation and drug switching, for all drugs and within each class, and to estimate the hazards of death and each of the cardiovascular outcomes. For the drug use outcomes, subgroup analyses explored potential effect modification by branded/generic status. For the health outcomes, we explored potential effect modification among patients who had a hospitalization for a myocardial infarction, stroke, and/or ACS Յ90 days before study entry. These patients were at high risk for a second event. In drug use analyses, we used generalized estimating equation methods 26 to account for multiple drugs within individuals. Both beneficiaries' drug use and health outcomes could be assessed twice if he was eligible for both the Early and Established Part D cohorts, so pooled analyses employed generalized estimating equations as well. In all analyses, beneficiaries were censored on the date of a first outcome, death, reaching the catastrophic coverage spending threshold, or study year's end. In the drug use analyses, we additionally censored beneficiaries who entered a nursing home or hospice or had a hospitalization Ͼ14 days because we could not ensure complete drug use data after 1 of these events. Additionally, we estimated rate differences using Poisson regression and multiplied these by the 11% prevalence of coverage gap exposure and average 3.6-month duration of the coverage gap (as described by the Centers for Medicare and Medicaid Services 9 ) to obtain population attributable risks. The Human Subjects Committee at Brigham and Women's Hospital approved this study. Data use agreements were in place with all data providers.
Results
Among all beneficiaries who reached the gap spending threshold, 39 470 were enrolled in Part D plans, and 3% of Part D enrollees received no financial assistance during the coverage gap (Table 1) . At least 86% of beneficiaries had hypertension, and Ն33% had a diagnosis of congestive heart failure. A total of 4% to 6% of patients had only hypertension and/or hyperlipidemia. Only 6% of beneficiaries reached the catastrophic coverage period. Many characteristics were unbalanced across groups. More than 71% of full-subsidy beneficiaries were female, whereas 42% of retirees were. Of the 4014 exposed beneficiaries, 3980 (99%) could be PSmatched to unexposed beneficiaries. After multivariate PS matching, beneficiary characteristics were largely balanced across the exposed and unexposed groups ( Table 2 ). In the hdPS-matched cohorts, 3787 (94%) of the exposed could be matched, and covariate balance between the groups was similar (data not shown).
Exposed beneficiaries were 1.57ϫ (95% confidence interval [CI], 1.39 to 1.79) as likely to discontinue a cardiovascular drug on reaching the gap spending threshold as were Charlson comorbidity score*
No. of physician visits* 141 830) drugs during an average 3.6 months of coverage gap exposure (data not shown).
Although they discontinued drugs more often, exposed beneficiaries were no more or less likely to switch a cardiovascular drug (HR, 1.04; 95% CI, 0.88 to 1.23; RD, 0.24; 95% CI, Ϫ0.92 to 1.41) than were unexposed beneficiaries, an effect that was not modified by the drug's generic/branded status or drug class (Table 4 ). In both the discontinuation and switching analyses, sensitivity analyses with grace periods of 15 and 45 days, analyses that excluded beneficiaries with generic drug coverage during the gap, and analyses with hdPS-matched cohorts produced analogous results (data not shown).
In PS-matched analyses, the exposed were no more likely to die (HR, 1.23; 95% CI, 0.89 to 1.71; RD, 1.05; 95% CI, Ϫ0.65 to 2.75 deaths/100 person-years) than were unexposed beneficiaries ( Table 5 ). The PS-matched analysis showed a potentially increased likelihood of ACS (HR, 1.55; 95% CI, 1.00 to 2.41, RD, 1.58; 95% CI, 0.20 to 2.97 hospitalizations/ 100 person-years), but the hdPS-matched analysis showed a null association (HR, 1.30; 95% CI, 0.86 to 1.96; RD, 1.07; 95% CI, Ϫ0.42 to 2.55 hospitalizations/100 person-years). The sensitivity analysis that excluded beneficiaries with generic drug coverage during the gap produced comparable results to those described. Although 448 patients were at high risk, owing to a recent cardiovascular hospitalization, there were too few outcomes to calculate parameter estimates (data not shown).
Discussion
Among Medicare beneficiaries with cardiovascular conditions, reaching the Part D coverage gap spending threshold and receiving no financial assistance to pay for drugs was associated with a 57% increased risk of cardiovascular drug discontinuation (an additional 14 drugs discontinued per 100 person-years) but no greater risk of drug-switching. Results were similar across drug classes and generic/branded status. Beneficiaries without financial assistance in the gap had no greater risk of all-cause mortality or hospitalization for cardiovascular outcomes during the gap period. Although increased cardiovascular drug discontinuations are regrettable, the impact of these increased discontinuations on health outcomes is not clear. Some policymakers have argued that sensitizing Part D consumers to drug costs through mechanisms like the coverage gap would encourage beneficiaries to use only essential and lower-priced medications. 27 Although theoretically plausible, patients' actions have been quite different: Researchers have observed increased rates of drug discontinuation 4, 11, 13, 28 and adherence 11, 12, 28 across both essential and potentially unnecessary drugs but have not observed higher rates of switching to generic drugs 13 during the coverage gap. The current study further tests the consumer cost-sensitization hypothesis by examining whether beneficiaries with underlying cardiovascular conditions might be more likely to use medications judiciously, given their health status and the likelihood of adverse events if they discontinue drug use. Instead of observing different behaviors, we found that sudden exposure to 100% of drug costs in the gap still led to abrupt discontinuation of essential cardiovascular medications among those with cardiovascular conditions. Beneficia- *HR indicates hazard ratio; CI, confidence interval. †Drug X was discontinued ifϾ30 d elapsed during the coverage gap when no drug X was available and no further fills of drug X or a drug in the same class were made during the coverage gap period.
ries were no more likely to switch to generic medications during the gap, confirming results of prior studies.
Our health outcome results are inconsistent with a growing body of literature regarding the consequences of stopping or reducing adherence to drugs in response to benefit caps, gaps in coverage, and high deductibles. 29 -32 Medicare Advantage beneficiaries, whose plans employed an annual drug cap, reduced their drug use and experienced 13% higher rates of nonelective hospitalizations and 22% higher rates of death as compared with beneficiaries whose plans had no cap. 29 The differences in our findings may be owing to the length of the follow-up period: While most comparator studies in other settings had follow-up of Ն1 year, in our study, beneficiaries spent a median 119 days in the coverage gap follow-up period. Beneficiaries in our study also experienced a relatively small number of adverse events, limiting our power to detect differences between the exposed and unexposed groups. Finally, our findings are likely affected by the relatively small impact of exposure on drug discontinuation on the rate difference scale: an additional 14 drugs discontinued per 100 person-years.
We employed several approaches to adjust for confounding caused by the complex relationship among patients, selection of drug plan, and reaching the coverage gap spending threshold. Our cohorts were restricted to beneficiaries who did not have a nursing home or hospice admission before cohort entry, as these admissions are markers of worsening health and likely confounders. The PS-matched analyses controlled for over 40 possible confounders assessed both before and after drug plan selection. Results from the hdPSmatched analyses, which empirically identified 400 additional potential confounders to improve residual confounding control, remained consistent with the PS-matched results, with the exception of hospitalization for ACS. For this outcome, the hdPS results confirmed a null association in contrast with borderline significant PS-matched analyses.
Still, we cannot rule out unmeasured confounding, owing to the limitations of the PS-and hdPS-matching techniques. An imbalance in the use of healthcare services not covered by Medicare (and therefore not recorded in our data) might result in unmeasured confounding. We did not directly examine the association between cardiovascular drug discontinuation and adverse health outcomes. Evidence suggests that other drugs are stopped as well, and, in our study, patients filled 6 to 9 prescriptions before study entry. 14 Thus, a cardiovascular drug-specific analysis would give an incomplete picture of which drug discontinuations were associated with adverse outcomes. Finally, although it would be possible to study *HR indicates hazard ratio; CI, confidence interval; ARBs, angiotensin II receptor blockes. Hazard ratios and rate differences for drug switching within specific drug classes were calculated only for those classes in which there were at least 5 outcomes in the exposed group. †Drug X was switched if a beneficiary entered the coverage gap and switched from the generic to the brand version or vice versa, or stopped filling prescriptions for drug X but filled a new prescription for a drug in the same class within 30 d after the days' supply of drug X was exhausted.
health outcomes beyond the coverage gap period, the majority (94%) of beneficiaries were censored, owing to the start of a new benefit year, a time when plans often change formulary coverage, and cost-sharing. Such changes might also impact health outcomes, so long-term analyses would require additional years of study data and analyses beyond the scope of this study.
Improved access to essential cardiovascular medications for beneficiaries with cardiovascular conditions is a high priority for the Medicare Part D program. Cardiovascular morbidity accounts for the highest proportion of Medicare inpatient and outpatient spending, 33 and improved cardiovascular drug use can reduce both morbidity and mortality. 1, 2 Our study demonstrates that blunt cost-sharing mechanisms such as the coverage gap disrupted the beneficial effects of drug coverage expansion under Part D, instead prompting vulnerable elderly beneficiaries with cardiovascular conditions to discontinue their cardiovascular medications 57% more frequently than beneficiaries who had consistent drug coverage. Although coverage gap exposure was not associated with increased rates of short-term cardiovascular events during the coverage gap period, it is unclear whether gaps in drug coverage affect the health of beneficiaries with cardiovascular conditions in the long term. At present, Part D provisions in the Affordable Care Act will gradually close the coverage gap by 2020. For example, in 2011, beneficiaries will receive 50% subsidies for branded medications during the coverage gap period. 16 At the same time, the Congressional Budget Committee's Path to Prosperity budget proposal aims to repeal these same reforms, restoring the coverage gap's place in the Part D benefit. 17 Given the results we observed, policymakers should be sensitive to the deleterious effects of the coverage gap on cardiovascular drug discontinuation and work to protect beneficiaries with cardiovascular conditions who may be vulnerable to it. 
